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METHOD AND APPARATUS FOR MONITORING 
Technical field 

The present invention relates to a method and apparatus for monitoring the 
formation of a coating on a particle. Ultimately, the invention is focused on controlling the 
process of manufacturing a coating of a pharmaceutical product, such as a pellet, a tablet or 
a capsule. 

Technical background 

Generally, a coating of a pharmaceutical product consists of one or more films and 
each film consists of one or more layers. Below, "coating" is used as a comprehensive 
expression encompassing everything from an individual layer to a combination of several 
different films. Each film is the result of a single coating step, generally performed m a 
coating vessel, where for instance layers of the film are built up. The coating process takes 
place either in a fluidized bed wherein particles, so-called nuclei, are sprayed with a 
specific coating liquid, or by passing the particles through a spray dust of said liquid. 
Several other generally used coating techniques are known in the prior art, such as melting, 
aggregation etc. The total process of manufacturing a complete coating may involve a 
pluraUty of such coating steps. However, the process may as well be sequential, whereby 
the whole process represents a continuous flow. 

Pharmaceutical products are coated for several reasons. A protective coating 
normally protects the active ingredients fi-om possible negative influences fixim the 
environment, such as for example light and moisture but also temperature and vibrations. 
JBy^plying-such,a.coating.Jhe,actiy.e substance, is.pro^ 



A coating could also be applied to make the product easier to swallow, to provide it with a 
pleasant taste or for identification of the product. Further, coatings are appHed which 
perform a pharmaceutical function such as conferring enteric and/or controlled release. The 
purpose of a fimctional coating is to provide a pharmaceutical preparation or formulation 
with desired properties to enable the transport of the active pharmaceutical substance 
throogh^e digesti v e a y t s tem to OicTCg i on-wlieie it is to be released an d/ or oboorbed. A 



desired concentration profile over time of the active substance in. the body may be obtained 
by such a controlled course of release. An enteric coating is used to protect the product 
fi-om disintegration in the acid environment of the stomach. Moreover, it is important that 
the desired functionalities are constant over time, i.e. during storage. By controlling the 
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quality of the coating, the desired functionalities of the final product may also be 
controlled. 

There are strict requirements from the different Registration Authorities on 
pharmaceutical products. These requirements will put high demands on the quality of the 
coating and require that the complex properties of the coating will be kept within narrow 
limits. In order to meet these demands, there is a need for accurate control of the coating 
process. 

The quality of the coating depends on physical and/or chemical properties of the 
coating, such as chemical composition, local inhomogeneities, physical and chemical 
homogeneity, density, mechanical properties, static parameters, modulus, tensile strength, 
elongation at break, compression, ductility, viscoelastic parameters, morphology, macro- 
and microscopic properties, amoiphous and/or crystallinity, permeability, porosity, 
aggregation, wettability, degree of coalescence/maturity, stability and ability to resist 
chemical and/or physical degradation. There are also other properties not Usted above. The 
quality of the coating affects to a great extent the release properties and has a significant 
impact on the storage stability. In order to keep the quality of the coating within the desired 
narrow limits it is necessary to control the manufacturing process of the coating accurately. 

In an industrial plant for coating phannaceutical products, selected process 
parameters are monitored and controlled to achieve a desired quaUty of the end product 
Such process parameters are generally global and could include, for example, the pressure 
in the coating vessel, the flow rate and temperature of gas and coating liquid supplied to 
the coating vessel, etc. However, the influence of such global process parameters on the 
^^^^^^^^^^^^^^^^^^=^^^^fW^^&^TS«5w!FCTily- 

from experience in a specific plant. Thus, a processing scheme is developed for each 
specific plant by extensive testing. When, for example, the size or shape of the coating 
vessel is changed during scaling up of the process, the local environment of the particles 
may be altered. This calls for time-consuming measurements and adjustments in order to 
r^»g?in the, gamfi mating properties of the end product 



There is also a need to improve existing manufacturing processes as well as to 
improve existing plants. Today, this is a laborious task since the infliience of any change in 
35 the process scheme or the plant design on the end product has to be investigated by 
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extensive testing, often in full scale. The same applies to the development of new products, 
for example when a new type of particle or coating liquid should be used. 

An attempt to fulfil the above-identified needs is disclosed in the article "Fluidized 
bed spray granulation, investigation of the coating process on a single sphere" by K. C 
Link and E.-U. Schlunder, published in Chemical Engineering and Processing, No. 36, 
1997. A laboratory-scale apparatus is designed for analysis of a single particle, in order to 
investigate the fundamental physical mechanisms that lead to particle growth by layering. 
In this apparatus, a single aluminum sphere is made to levitate on a fluidizing air flow 
which is supplied by a capillary tube. Thereby, the sphere is freely and rotatably suspended 
at a stable location in a coating vessel. An ultrasonic nozzle arranged above this stable 
location is intermittently activated to generate a spray dust of coating liquid that falls down 
onto the sphere and forms a coating thereon. This type of nozzle generates a spray of 
droplets, the velocity of which is adjusted by means of a separate air flow through the 
nozzle. The apparatus is used for investigating the influence of different parameters, such 
as droplet velocity, temperature of fluidizing air, drjdng time, and type of coating liquid, on 
the thickness and morphology of the resulting coating. A rough measurement value of the 
overall thickness of the coating is obtained by weighing the sphere before and after the 
actual coating process and determining the difference in weight. The morphology of the 
coating is qualitatively examined by arranging the sphere, once coated, in a scanning- 
electron-microscope (SEM), For both of these measurements, the sphere must be removed 
from the apparatus for analysis. The apparatus also includes a lamp for illumination of the 
sphere and a video camera for continuous and qualitative observation of the contours of the 
sphere during the coating process. 



T)ne drawback of this prior-art apparatus tesitiesin the difficulty to m^e- 



quantitative, time-resolved measurements of coating properties. After a specific time 
period, the coating process must be interrupted for analysis of the coating on the sphere, 
whereupon a new and non-coated sphere must be subjected to a new coating process for a 

30 longer time period, and so on. In diis approach, the formation of a coherent time series of 
Tvi^^Qsu remCTt H M ;^ requi rgg that identical conditions are maintained in the environment of 
each sphere. Thus, the coating process must be repeated in exactly the same manner for 
each sphere. This is difficult. For example, any small variations in the masses of the 
aluminum spheres will necessitate an adjustment in the flow rate of the fluidizing air, to 

3S maintain each sphere at the same location in the vessel. Such a change in flow rate will 
also change the environment of the sphere during the coating process, thereby making it 
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difficult to compile the measurement data from several consecutive measurements into a 
coherent time series. 

A further drawback of this known apparatus is that only a few properties of the 
coating, i.e. average thickness and surface morphology, can be measured. 



Another drawback is that the course of a coating process can only be studied on 
standardized spheres, so that the coating process can be repeated in exactly the same 
manner for each sphere. However, the coating process is believed to be highly dependent 
10 on the properties of the particle itself, such as the size, density, porosity and shape of the 
particle. Thus, it may be difficult, or even impossible, to draw any conclusions for a 
realistic particle from experiments made in the known apparatus. 

Summary of the invention 
15 The object of the invention is to solve or alleviate some or all of the problems 

described above. More specifically, the method and apparatus according to the invention 
should allow for time-resolved measurements of coating properties on any type of particle. 

This object is achieved by the method and apparatus set forth in the appended 

20 claims. 

The inventive method and apparatus will allow for continuous and non-invasive 
monitoring of one or more principal parameters related to the coating, such as thickness, 
thickness growth rate and physical and/or chemical properties related to the quality of the 

25 coating, as well as heat, mass and momentum ^a^isfei^ durmgjhe coating process on a 
single particle. The resuitsTfihe measuremeiSs made possiblTbyThrrmventrv^e-a^^ 
and method can be used to develop a fundamental model of the coating process on a single 
particle as a function of one or more control parameters, which can be related to properties 
of the environment of the particle and to properties of the particle itself Ultimately, such a 

30 fundamental model can be converted to an aggregate model for prediction of the influence 

of global pr^^^-ss r^'"^m^t^Q nn fhft mnnitnred principal parameter or parameters for a 

large number of particles, for example in a full-scale coating process in an industrial plant. 
Such an aggregate model is a valuable tool that can be used to scale up processes and 
plants, improve existing manufacturing processes and plants, and develop new products. 
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It should also be noted that the invention allows for monitoring of the coating 
process on any type of single solid sample. Thus, in contrast to prior art technique, it is 
conceivable to use a realistic nucleus, such as a pellet, a tablet, or a capsule. 

5 - . The-inventive method and apparatus have the additional advantage of providing 
information that can be directly used in the control of a full-scale process. More 
specifically, by effecting a coating process on a single particle at well-controlled 
conditions, so that desired properties of the coating on the particle is obtained, and by 
continuously p.erforming the spectrometric measurement, a desired sequence of 

,0 measurement values can be obtained. By effecting the same spectrometric measurement in 
a fuU-scale process, the global process parameters of this process can be controlled to yield 
the desired sequence of measurement values. Thereby, the full-scale process will be 
controlled to yield the desired properties of the coating on the particles. In practice, the 
sequence of measurement values could form a desired trajectory in a space that is defined 

,5 . by one or more principal components. These principal components can be derived by 
applying chemometric methods to measurement data obtained firom a time-series of 
spectrometric measurements. Evidently, the desired sequence of measurement values could 
also be established by effecting a spectrometric measurement on a batch of particles in the 
full-scale process itself. However, by means of the invention, the desired sequence of 

20 measurement values is established much faster, since the coating process of a single 

particle is considerably shorter in time than the coating process of a batch of particles in a 
full-scale process. 

In an alternative approach for direct control of a full-scale process, the inventive 
25 method and apparatus are used to identif / the interrelationship between control parameters, 
given by conventional sensors, ^idprincipaTparameters, given by specrromeiric methbtlsr- 
This is typically done by effecting a coating process on a single particle at well-controlled 
conditions, and by continuously performing a spectrometric measurement and 
simultaneously performing a measurement of one or more control parameters, such as a 
30 fluidizing gas flow rate or a temperature. By identifying relevant control parameters in this 

-wayrthc-inventivcmcthod-and-apparatusxpuld-be ns pfi to pstahlish a flR.sired seguence^gf 

control parameter values. This sequence could then be directly transferred to a full-scale 
process, wherein the global process parameters of this process are controlled to form a 
corresponding desired sequence of global process parameter values. Thereby, the full-scale 
35 process will be controlled to yield the desired properties of the coating on the particles. 
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Preferably, the step of forming the coating on the particle includes generating a 
single droplet of a coating fluid and making the droplet impinge on the particle. The use of 
a single droplet, or a sequence of such single droplets, instead of a spray dust, provides for 
a controlled deposition of coating fluid on the particle surface. Thus, the droplet size or the 
droplet generating rate can be controlled during a wetting period and be used as well- 
defined control parameters. The term '^coating fluid" is used as a comprehensive 
expression encompassing everything from a pure coating liquid to a slurry or suspension of 
coating liquid and coating solids. Alternatively, the coating fluid could be a mixture of 
coating sohds and a carrier gas. In this case, the term "coating droplet" would refer to a 
coating solid. 

Preferably, die particle is fluidized on an upwardly directed gas flow, so that the 
particle is held at a given spatial location, while being freely rotatable at this location. 
Thus, the particle can be fixed so that a precise measurement can be effected, and rotating 
so that a uniform coating can be formed- The fluidizing gas flow has the additional 
function of drying the particle. 



It is preferred that each droplet upon generation is moved into and allowed to 
follow the fluidizing gas flow to the particle. Thereby it is assured that each droplet 
20 impinges on the fluidized particle. 

In another preferred embodiment, the control parameter is changed based, at least 
partly, on the measurement value. This type of feed-back control provides for in-line 
adjustments of the coating process on the single particle. Thereby it is possible to monitor 
25 tiie effects of a change in any control parameter during the coating process. 

The control parameter could include a property of said gas flow, such as a flow 
rate, a temperature or a content of a solvent, for example water; a property of the particle, 
such as a size, a shape, a density or a porosity; a property of the droplets, such as a droplet 
30 size, a droplet generation rate or a concentration of a droplet constituent; a duration of a 
wetting-period-during-the-coating-procffss; and a duration of a drying period during the 



coating process. In addition to the control parameters listed above, th^e are also ottier 
parameters not listed here. 



35 



Preferably, the spectrometric measurement is performed by means of near- infrared 
spectrometry and/or a spectrometric method based on Raman scattering and/or a 



spectrometric method biased on absorption in the UV, visible, or infra-red (IR) wavelength 
region, or luminescence, such as fluorescence emission, and^or imaging spectrometry. 

Brief description of the drawings 

5 ,_.-_ _ In the followng,a. presently prefen-ed 

described in more detail, reference being made to the accompanying drawing which 
schematically shows a layout of a monitoring apparatus. 

Description of a preferred embodiment 
10 The moTutoring apparatus disclosed on the drawing comprises a coating chamber 1 , 

a gas supply unit 2, a coating liquid dispenser 3, a spectrometric measurement unit 4, and a 
main control unit 5 . In the coating chamber 1 , the coating process of a single particle P can 
be continuously and non-invasive ly monitored under well-controlled conditions. 

15 ^ A vertical tube 6 extends from a bottom portion 7 of the chamber 1 along a vertical 
center line of the chamber 1 . The gas supply unit 2 is adapted to feed a gas in controlled 
amounts to the chamber L The unit 2 communicates with the tube 6 and a periphery 
* portion 8 of the chamber I. The flow of gas through the tube 6 is used to levitate or fluidize 
the particle at a given position in the chamber 1 . The flow of shielding gas to the periphery 

20 portion 8 is used to minimize any gradients between the measurement unit 4 and the 

particle P, since such gradients might introduce errors in the spectrometric measurements. 
Although not shown on the drawing, it is realized that such shielding gas could be supplied 
to the periphery portion 8 at several locations around the perimeter of the chamber I. 
Alternatively, or additionally, shielding gas could be fed through the bottom portion 7. 

25 

A contirol"syst^is pro 
system includes a position sensor 9, for example an array detector, which is arranged at the 
periphery of the chamber 1 and is adapted to output a position signal indicating to the 
position of the particle P. The position signal is fed to the main control unit 5, which 
30 adjusts the gas flow rate accordingly by feeding a control signal to the gas supply unit 2. 

The contT^^ gyctPm ig ^5ipah1p nf mflintaini ng the particle P at a given position in the 

chamber 1 . This position might be changed over time in a controlled manner, or be 
spatially fixed in the chamber 1 . 



35 



- The gas supply unit 2 is also adapted to condition the gas, for example by changing 
the gas temperature or the gas content of a solvent, such as water, based on corresponding 
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control signals received jfrom the main control unit 5. To this end, the gas supply unit 2 
could include a conventional bubbler system (not shown), in which the gas is bubbled 
through a' liquid source to add a small concentration of liquid vapor to the gas. Such, and 
other, high-precision systems for mixing gas and liquid vapor are available on the market. 

One or more coating liquid dispensers 3 (only one shown on the drawing) is 
connected to the tube 6 and is adapted to sequentially generate droplets D of a coating 
liquid. The generated droplets D are injected into the gas flow in the tube 6 and will, by 
following the gas flow to the particle P, impinge on the particle P and form a coating 
thereon. The coating liquid dispenser 3 receives control signals, indicating for example the 
desired droplet generation rate and droplet size, from the main control unit 5. 

In the illustrated example, the coating liquid dispenser 3 is a flow-through 
microdispenser of the type disclosed in the article "Design and development of a silicon 
microfabricated flow-through dispenser for on-line picolitre sample handling"^ Journal of 
Mieromechanical Microengineering No. 9, pp 369-376, 1999, by T. Laurell, L. Walknan 
and J. Nilsson. This microdispenser, of which no details are given in the drawing, 
^ comprises two joined silicon structures forming a flow-through channel. A piezoceramic 
element is connected to one of the silicon structures, jBy activating the piezoceramic 
element, a pressure pulse is generated in the channel, thereby ejecting a droplet from an 
orifice in the opposite silicon structure. This microdispenser allows for sequential 
generation of droplets with a well-defined size and frequency. 

The spectrometric measurement luiit 4 is arranged at the periphery of the chamber I 
and is adapted to perform a spectrometric measurement, preferably by NTRS (Near Infrared 

are represented in a sample vector. The spectrometric measxirement unit 4 is also adapted 
to evaluate the measurement daU in the sample vector and derive a measurement value 
related to the coating. This measurement value is fed to the main control unit 5 for storage. 

>jrps: prnviH^s finth physiral and chemical pro perties of the coating. This 



^ _ spectrometric method, like several other commonly us 

invasive as well as non-destructive. A NERS measurement is fast and therefore, it is 
employable for continuously measuring samples of all kinds. The possibilities obtained by 

35 NIRS measurements will be further discussed below. 
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Further, with a spectrometric measurement according to ,the invention, it is possible 
to extract infonnation from several different depths of the coating, i.e. from the surface as 
well from deeper levels thereof Additionally, it is possible to directly measure the 
thickness of the coating. The spectrometric measurement can be carried out in such a 

5 mariner that the particle P, the coating thickness of which is to be measured, is positioned 
at a desired level with respect to the measurement unit 4. Thus, the mean coating thickness 
or a variation of the coating thickness can be measured. By employing imaging 
spectrometry, local inhomogeneities in the coating can be measured. Imaging spectrometry 
also allows for variations in the position of the particle P during the spectrometric 

10 measurement. 

In the spectrometric measurement unit 4, the sample vector is evaluated in order to 
extract information directly related to the quality of the coating- In one embodiment, the 
evaluation is performed by subjecting the sample vector to a mathematical analysis, 
15 weighting the data, in conjunction to previous data, and condensing them to at least one 
measurement value. In the present embodiment chemometric methods are used. More 
particularly and at least in the case of continuous measiirements during the coating process, 
a multivariate analysis, such as PC A (Principal Component Analysis), or PLS (Partial 
Least Squares) is performed on the sample vector. 



20 



In this way, it is possible to directly measure the quality of the coating, in terms of 
relevant physical and/or chemical properties. As a further example, the heat transfer to the 
coating can be monitored by way of extracting a measurement value related to the surface 
temperature of the coating. Further, the mass transfer to the coating can be monitored by 
25 way of extracting a measurement value related to the moisture content of the coating. 

The main control unit 5, for example a personal computer, is adapted to 
continuously store control parameters potentially, affecting the coating process on the 
particle P in the chamber 1 . Some control parameters are mentioned above, for example the 
30 gas temperature, the gas humidity, the droplet generation rate, and the droplet size. The 
main control-uni t rece i ve s additional co ntiol4) a ra m eterjnformatiQn from a temperature 



35 



sensor 10a, a mass flow meter 1 1 and a gas analyzer 12 arranged to measure the 
temperature, the flow rate and the solvent concentration, respectively, of the gas entering 
chamber 1 through tube 6, as well as a temperature sensor 1 3 and a gas analyzer 14 
arranged to measure the temperature and the solvent concentration, respectively, of the gas 
leaving chamber 1. Additionally, a temperature sensor 10b is arranged to measure the 
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temperature of the shielding gas entering the chamber 1. Other such conventional sensors 
could be provided. Further control parameters could include the duty cycle of the coating 
liquid dispenser 3, i.e. the time period with wetting and drying, respectively, of the particle 
P. Further control parameters could be related to the particle P itself, or the concentration 
of a constituent of the coating liquid. 

It is appreciated that one or more control parameters could be changed during the 
coating process, for monitoring its influence on the properties of the coating, as measured 
by the unit 4. 

Examples of possible modifications comprise for example the use of other 
spectrometric methods, such as those based on Raman scattering, or absorption in the UV 
and visible or infrared (IR) wavelength regions or luminescence such as fluorescence 
emission. 

Another example of a modification substitutes a more simple analysis to the 
chemometric methods as follows. Generally, when using spectrometric methods, broad 
response spectra are obtained. However, instead of analysing all of the measurement values 
obtained over such a broad response spectrum by applying chemometric methods, merely 
one or a few values of the measurement values are analysed. For example, the 
measurement values at a few individual frequencies could be analysed. Also, when 
employing Raman spectrometry, which often results in values well separated by 
wavelength, this simplified analysis can be useful. 
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CLAIMS 

1 . A method of monitoring the formation of a coating on a single particle (P), 
comprising the steps of: arranging the particle (P) at a given spatial location; forming said 
coating.on the particle (P); and obtaining a measuremeht value of at least one principal 
parameter related to said coating, characterized in that said measurement 
value is obtained by performing a spectrometric measurement on said coating during said 
step of forming said coating. 

2. A method as set forth in claim 1 , wherein said spectrometric measurement is - 
performed continuously during at least part of the step of forming said coating, thereby 
generating a sequence of measurement values of said at least one principal parameter, 

3. A method as set forth in claim 1 or 2, wherein said step of arranging the particle 
(?) at a given spatial location includes fluidizing said particle (P) on an upwardly directed 
gas flow. 



4. A method as set forth in any one of claims 1-3, wherein said step of forming said 
coating on the particle (P) includes generating a single droplet (D) of a fluid, and bringing 
20 said droplet to impinge on said particle (P). 

5^ A method as set forth in claims 3 and 4, wherein said droplet (D) upon said 
generation is moved into and allowed to follow said upwardly directed gas flow to said 
particle (P). 

.,25 



6. A method as set forth in claim 4 or 5, wherein said smgle droplet (D) is 
repeatedly generated, thereby forming at least one stream of such droplets (D) that 
sequentially impinge on said particle (P). 

7. A method as set forth in any one of the preceding claims, further comprising a 
-step of-fflonitoring -at4e a3t - one-controlparameter-r elated to t he. PTivironment of the particle 



35 



(P) or the particle (P) itself, and a step of identifying a functional relationship between said 
at least one control parameter and said at least one principal parameter. 

8. A method as set forth in claim 7, further comprising a step of generating, based 
on said functional relationship for said single particle (P)> an aggregate model for 
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prediction of the influence of said at least one control parameter on said at least one 
principal parameter for a large number of such particles (P). 

9. A method as set forth in claim 7 or 8, further comprising the step of changing 
said at least one control parameter based, at least partly, on said measurement value. 

10- A method as set forth in any one of claims 7-9 in combination with claim 3 or 5, 
wherein said at least one control parameter includes a property of said gas flow, such as a 
flow rate, a temperature or a content of a solvent. 

1 1 . A method as set forth in any one of claims 7-9, wherein said at least one control 
parameter includes a property of the particle (P), such as a size, a shape, a density or a 
porosity. 

12. A method as set forth in any one of claims 7*9 in combination with any one of 
claims 4-6, wherein said at least one control parameter includes a property of said droplet 
(D), such as a droplet size, a droplet generation rate or a concentration of a droplet 
constituent. 

13. A method as set forth in any one of claims 7-9 in combination with any one of 
claims 4-6, wherein said at least one control parameter includes a duration of a wetting 
period during said step of foraiing said coating, said wetting period being effected by 
controlling said droplet generation. 

14. A method as set forth in any one of claims 7-9 in combination with any one of 
claims 4-CwhCTein s^ least one coiierol p olFdfymg— — 
period during said step of forming said coating. 

15 . A method as set forth in any one of the preceding claims, wherein said step of 
obtaining said measurement value includes generating a sample vector of measurement 
^ata^om-said-spectrometric mp?^snrpnxent,^n_d condensing said measurement data into 
said measurement value of said at Jeast one principal pa^ 



16. A method as set forth in any one of the preceding claims, wherein said 
35 spectrometric measurement is performed by means of near-infrared spectrometry. 
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17. A method as set forth in any one of the preceding claims, wherein said 
spectrometric measurement is performed by means of a spectrometric method based on 
Raman scattering. 

18. A method as set forth in any one of the preceding claims, vvherein said 
spectrometric measurement is performed by means of a spectrometric method based on 
absorption in the UV, visible, or infrared (IR) wavelength region, or luminescence, such as 
fluorescence emission. 

1 9. A method as set forth in any one of the preceding claims, wherein said 
spectrometric measurement is performed by means of imaging spectrometry. 

20. A method as set forth in any one of the preceding claims, wherein said pardcle 
(P) is a pharmaceutical product, such as a pellet a tablet or a capsule. 

2h Use of a method as set forth in any one of the preceding claims for identifying a 
functional relationship between said at least one principal parameter and properties of an 
environment of the particle (P) during the formation of said coating, and/or properties of 
the particle (P) itself. 

22. Use of a method as set forth in claim 2 for control of a coating process of a 
batch of particles, wherein said sequence of measurement values is used as a sequence of 
reference values in said control, and wherein a corresponding spectroscopic measurement 
is effected on said batch of particles to provide a sequence of actual values for said control. 



23. Use of a method as setTorth in any one of claims 1 -20"for controfofaxro^ating^ 
process of a batch of particles, wherein a functional relationship is identified between said 
at least one principal parameter and at least one simultaneously monitored control 
parameter, which is related to an environment of said single particle (P); wherein one or 
more of said at least one control parameters, based on said functional relationship, is 
-seleetcd-to-r^present one or more-of-said^tJe as t o np prin c i p al parameters; whercm a 
desired sequence of values of said one or more selected control parameters is deternuned 
for said single particle (P); and wherein said coating process of a batch of particles is 
controlled based on said desired sequence of selected control parameter values. 



35 
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24. An apparatus for monitoring the formation of a coating on a single particle (P), 
comprising means (2, 5, 6, 9) for arranging said particle (P) at a given spatial location, and 
a fluid supply unit (3) adapted to apply a coating fluid to said particle (P) such that said 
coating is formed, characterized by a measurement unit (4) which is adapted 

5 to perform a spectroraetric measurement on said coating during formation thereof, and to 
derive a measurement value of at least one principal parameter related to said coating. 

25. An apparatus as set forth in claim 24, wherein said measurement unit (4) is 
adapted to continuously perform said spectrometric measurement, thereby generating a 

10 sequence of measurement values of said at least one principal parameter. 

26. An apparatus as set forth in claim 24 or 25, wherein said particle arranging 
means (2, 5, 6, 9) comprises a flow unit (2) which is adapted to generate a fluidizing gas 
flow on which the particle (P) is fluidized. 
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27. An apparatus as set forth in claim 26, further comprising a housing (1) in which 
said coating is formed on said particle (P), wherein said flow unit (2) is adapted to provide 
a shielding gas inside the housing (1) intermediate the measurement unit (4) and the 
location of said particle (P), said shielding gas being essentially identical to the gas used 

20 for fluidizing said particle (P). 

28. An apparatus as set forth in any one of claims 24-27, wherein said fluid supply 
unit (3) is operable to generate a single droplet (D) that is brought to impinge on said 
particle (P). 

25 



29. An apparatus as set forth in claim 26 and^87wh«rein said-fluid-supply^it-CS^ 
is arranged to inject each droplet (P) into said fluidizing gas flow. 

30- An apparatus as set forth in claim 28 or 29, wherein said fluid supply unit (3) is 
30 arranged to repeatedly generate said single droplet (D), thereby forming a stream of such 
droplets (D) that seqnfnti?^lly impinge nn said particle (P). — ; 

3 1. An apparatus as set forth in any one of claims 24-30, further comprising a 
control unit (5) which is adapted to monitor at least one control parameter related to the 
35 environment of the particle (P) or the particle (P) itself 
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32. An apparatus as set forth in claim 31, wherein the control unit (5) is adapted to 
receive said measurement value from said measurement unit (4) and to effect a change of ■ 
said at least one control parameter based, at least partly, on said measurement value/ 

33. _ An apparatus as_set_^foi^^ in cqmbination with claim 26 or 28, 
wherein said at least one control parameter includes a property of said fluidizing gas flow, 
such as a flow rate, a moisture content or a temperature, and wherein said control unit (5) 
is operable to effect said change by controUing said flow unit (2). 

34. An ^paratus as set forth in claim 32 in combination with any one of claims 28- 
30, wherein said at least one control parameter includes a property of said droplets, such as 
a droplet size, a droplet generation rate or a concentration of a droplet constituent, and 
wherein said control unit (5) is operable to effect said change by controlling said fluid 
supply unit (3). 

35. An apparatus as set forth in claim 32 in combination with any one of claims 28- 
30, wherein said at least one control parameter includes a duration of a droplet gesneration 
period, and wherein said control unit (5) is operable to effect said change by controlling 
said fluid supply unit (3). 

36.. An apparatus as set forth in claim 32 in combination with any one of claims 28- 
30, wherein said at least one control parameter includes a duration of a drying period, and 
wherein said control unit is operable to effect said change by controlling said fluid supply 
unit (3), 

37. An apparatus as set forth m any one of claims 24^€Twherein sda-measuremrat 
unit (4) is adapted to perform said spectrometric measurement by means of near- infrared 
spectrometry. 

38. An apparatus as set forth in any one of clahns 24-37, wherein said measurement 
unit (4) js adapted4o-perfonn-said spectrometric measiirementji^ means of a spectrometric 
method based on Raman scattering. 
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39. An apparatus as set forth in any one of claims 24-38, said measurement uiiit (4) 
is adapted to perform said spectrometric measurement by means of a spectrometric method 
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based on absorption in the UV, visible, or infrared (IR) wavelength region, or 
luminescence, such as fluorescence emission. 

40. An apparatus as set forth in any one of claims 24-39, wherein said measurement 
unit (4) is adapted to perform said spectrometric measurement by means of imaging 
spectrometry. 

41. An apparatus as set forth in any one of claims 24-40, wherein said particle (P) is 
a pharmaceutical product, such as a pellet, a tablet or a capsule. 
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ABSTRACT 

In a method of monitoring the formation of a coating on a single particle (P), an 
apparatus is used which comprises means (2, 5, 6, 9) for arranging said particle (P) at a 
given spatial location, and a^fluid supply unit (3) adapted to apply, a coating fluid to the.„.. 
particle (P) such that the coating is formed. Further, the apparatus has a measurement unit 
(4) which is adapted to perform a spectrometric measurement on the coating during 
formation thereof, and to derive a measurement value of at least one principal parameter 
related to the coating. Thus, such principal parameters, for example thickness, thickness 
growth rate and physical and/or chemical properties related to the quahty of the coating, as 
well as heat, mass and momentum transfer, can be continuously and non-invasively 
monitored during the coating process on the single particle (P). The results of such 
measurements can be used to understand the coating process on the single particle (P), and 
ultimately to control, up-scale and develop industrial full-scale coating plants. 



